INTRODUCTION
To combat the mutagenic effects of exposure to DNAdamaging agents such as UV radiation and genotoxic chemicals, bacteria have evolved elaborate DNA repair mechanisms, collectively termed the SOS response. 1 The SOS response is triggered by the ssDNA-induced binding of RecA to the SOS regulon repressor LexA, and the subsequent activation of a plethora of SOS or damage-inducible (din) genes under its control. In both Escherichia coli and Bacillus subtilis, over 30 genes have been shown to be under the control of the LexA protein (formerly known as DinR in B. subtilis). 2-4 In B. subtilis, one small SOS response operon under the control of LexA, the yneA operon, is comprised of three genes: yneA, yneB, and ynzC. 5 Of the three gene products, YneA has been shown to suppress cell division during the SOS response, 5 whereas the exact roles of YneB and YnzC are unknown.
The ynzC gene of B. subtilis encodes for a 77-residue basic protein [SWISS-PROT ID: YNZC_BACSU; NESG target ID: SR384] that is a member of the DUF896 protein domain family (Pfam identifier: PF05979). This family of small (<90 aa) proteins with unknown function is found in over 100 bacterial species (Pfam 22.0), almost exclusively from the predominantly Gram-positive firmicutes. A multiple sequence alignment of B. subtilis YnzC with DUF896 protein domains from selected genera of this phylum is shown in Figure 1(A) . In this article, we present the solution NMR structure of B. subtilis YnzC as well as a truncated form of the protein designed on the basis of 1 H/ 2 H exchange mass spectrometry (DXMS) results. 6 The N-terminal half of YnzC folds into an antiparallel helix-loop-helix motif, which remains intact in the truncated construct, whereas the remainder of the protein is disordered in solution. The structure of B. subtilis YnzC constitutes the first structural representative of the DUF896 protein domain family. S1 ). All NMR data were collected at 208C on Varian INOVA 500 and 600 MHz and Bruker AVANCE 600 and 800 NMR spectrometers. Complete 1 H, 13 C, and 15 N resonance assignments for full length YnzC and truncated YnzC-1-46 were determined using GFT 8,9 and conventional 10 triple resonance NMR methods, respectively, and deposited in the BioMagResDB (BMRB accession numbers 7225 and 15476). Resonance assignments were validated using the Assignment Validation Suite (AVS) software package. 11 The full length YnzC structure was determined using AutoStructure 2.1.1 12 interfaced with XPLOR-NIH 2.11.2. 13 The folded N-terminal residues (1-42) of the 20 lowest energy structures out of 100 calculated were deposited into the Protein Data Bank (PDB ID, 2HEP). The truncated YnzC(1-46) structure was calculated using CYANA 2.1 14,15 and refined by restrained molecular dynamics in explicit water using CNS 1.2. 16,17 The final ensemble of 20 models out of 100 calculated (excluding the C-terminal His 6 ) were deposited into the Protein Data Bank (PDB ID, 2JVD). Structural statistics and global structure quality factors, including Verify3D, 18 ProsaII, 19 PROCHECK, 20 and MolProbity 21 raw and statistical Z-scores, were computed using the PSVS 1.3 software package. 22 Values for the global goodness-of-fit of the final structure ensembles with the NOESY peak list data were determined using the RPF analysis program. 23
METHODS

Uniformly
RESULTS AND DISCUSSION
The NMR solution structure of B. subtilis YnzC features two long (16-17 residue) a helices (a1, A5-G20; a2, E24-G40) followed by a disordered C-terminal tail. Stereo ribbon diagrams of representative structures of the superimposed full length YnzC and the YnzC-1-46 truncated construct are shown in Figure 1(B) , and structural statistics are given in Table I . The a helices in the structured N-terminal half of the protein adopt an antiparallel helix-loop-helix motif in both full length and truncated YnzC that features several ordered side chains in its core [ Fig. 1(C) ]. The relative orientations of the helices in the two structures are quite similar, as indicated by a backbone RMSD of 0.84 Å between the average structures for the two ensembles (for residues 5-19 and 22-38) . This is consistent with the minimal perturbations to the NMR resonance assignments observed for residues common to the full length and truncated proteins ( Supplementary  Fig. S2 ). 6 Both structures exhibit excellent structure quality assessment scores (Table I ). The reduced RPF scores for full length YnzC compared to the truncated construct can be attributed to poorer spectral quality and analysis difficulties resulting from the intrinsically unstructured portion of the native protein. Electrostatic surface potential 24 [ Fig. 1(D) ] and ConSurf 25 [ Fig. 1(E) ] images of the two interhelical faces formed by the helix-loop-helix motif in YnzC, reveal that the core of the structure is stabilized by several strongly conserved hydrophobic residues (I10, L13, I22, L33, Y37), as well as potential interhelical electrostatic interactions between juxtaposed oppositely charged residues (K6:E36; R9:E29; K16:E26) on one face. Of these, the R9:E29 and K16:E26 salt bridges are strongly conserved across the DUF896 protein domain family [ Fig. 1(A) ]. The opposite interhelical face is strongly basic in nature, and overall, the helical interface is lined with numerous highly conserved residues. Contrary to secondary structure predictions, which include an additional short b-strand and a third a-helix near the C-terminus (Supplementary Fig. S3 ), the final 35 residues are intrinsically unfolded in the structure of full length YnzC. This result is corroborated by a lack of NOE and chemical shift (CSI) data indicative of secondary structural elements, heteronuclear 15 N NOE data ( Supplementary Fig. S3 ), and DXMS results. 6 The structures of full length and truncated YnzC presented here represent the first structures from the DUF896 protein domain family. In terms of uniqueness, YnzC shares no significant pairwise sequence identity (i.e., < 30%) to any protein deposited in the Protein Data Bank to date. The folded N-terminal half of the protein adopts an antiparallel helix-loop-helix motif. Helix-turn-helix (HTH) motifs are ubiquitous in nature, and often play roles as transcription factors. 26 However, HTH motifs commonly feature a tri-helical bundle, and variations on this theme, with the third helix involved in DNA binding. 26 Predictably, Dali 27 searches using both YnzC structures uncovered numerous examples of similar structural motifs (Z < 5.5) in other small proteins or within larger systems, many of which are involved in nucleic acid binding and protein transport. In Bacillus subtilis, a similar antiparallel helix motif with extremely low sequence identity compared to YnzC is employed by the 46-residue histidine kinase inhibitor Sda (PDB ID, 1PV0; Z, 3.5; C a RMSD, 2.1 Å ; 9% identity) to arrest the initiation of sporulation in response to DNA damage and replication defects. 28 Of relevance to DNA repair are Dali hits to the X-ray crystal structures of the isolated Cterminal helix-loop-helix motif from E. coli UvrB (PDB ID, 1QOJ; Z, 3.6; C a RMSD, 2.6 Å ; 17% identity) and a ternary complex involving B. subtilis UvrB (PDB ID, 2D7D; Z, 3.9; C a RMSD, 2.3 Å ; 16% identity), part of the UvrABC nucleotide excision repair pathway. 29, 30 In both of these structures, and a solution NMR structure of the E. coli UvrB C-terminal domain, 31 the helix-loophelix motif forms an antiparallel dimer featuring a small dimer interface comprising the interhelical loop and flanking residues in the helices, and the motif may be involved in mediating interactions with DNA and other
Uvr proteins. Although we have no evidence for dimer or oligomer formation of YnzC in solution, it is tempting to postulate that the largely basic interhelical face of YnzC featuring the conserved R34 represents a nucleic acid binding site. Moreover, it is reasonable to suggest that the unfolded C-terminal region of full length YnzC, which features several conserved residues across the DUF896 protein domain family [ Fig. 1(A) ], becomes Computed using AVS software 11 from the expected number of peaks, excluding: highly exchangeable protons (N-terminal, Lys, and Arg amino groups, hydroxyls of Ser, Thr, Tyr), carboxyls of Asp and Glu, non-protonated aromatic carbons, and the C-terminal tag. c Calculated using PSVS 1.3 program. 22 Average distance violations were calculated using the sum over r Solution NMR Structure of YnzC from B. subtilis structured upon binding to its biological target(s). Indeed, secondary structure prediction suggests that this disordered region has some tendency to form a third helix (residues P64-N73; Supplementary Fig. S3 ), which could be stabilized by intermolecular interactions. The confirmation of the exact role of YnzC in the B. subtilis SOS response awaits further structural and functional studies.
